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ABRASIVE LIQUID FOR METAL 
AND 

METHOD FOR POLISHING 



TECHNICAL FIELD 



This invention relates to a polishing solution for 
metal, and a polishing method, especially suited for 
use in polishing in the step of forming wirings of 
semiconductor devices. 

BACKGROUND ART 
in recent years, with the trend toward higher 
integration and higher performance of s emx c o ndu c t o r 
integrated circuits (hereinafter "LSI circuits"), new 
fine-processing techniques are on development . Chemical 
mechanical polishing (hereinafter "CMP") is one of them, 
which is a technique frequently used in LSI circuit 
fabrication steps, in particular, in the planarizing 
of interlayer insulating films, the formation of metal 
plugs and the formation of buried wiring, in the step 
of forming multi-layer wiring. This technique is 
disclosed in, e.g., U.S. Patent No. 4,944,836. 
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- hiaher performance of LSI 

circuits, it , lloVS , however, make 
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^ Hp hills of the metal 
between the polishing slurry and the 



film. 



Wishing slurries for .etal which are use. i. CM, 
ar . co^only -prised of an oxidising agent and solid 
a brasive particle or powder and also an 

^solving agent and a pr otect i ve- f i 1. -.in, agent 
„ hi ch are optionaXXy further added. What is considered 
to be basic .echanis™ is that the ,etal til, — 
iB £irs t oxidized b y oxidation and the oxide layer thus 

* off bv the solid abrasive graxns. 
formed is scraped off by the 

Ihe oxide layer at .alleys of the ..t.X surface does 
not S o ,uch in touch with the polishing pad, and 

the effect of scrape-off *y solid abrasrve grains does 
not extend thereto, so t ha t w i t h pr og r e s s or CMP, hills 
o£ th . m etal layer are re.oved and the m etal .e.ber surface 
beco.e smooth. Oetails of the .atter are disclosed in 
J0 urnal of Blec t r oche.ica 1 Society, Vol. 133, Ho. 11 
(published 1991), pages 3460-3464. 

It is considered that the effect of scrape-off cy 
0 solid abrasive grains is enhanced as long as the grains 
ofa^etal oxide scraped off fy the solid abrasive grams 
ha ve .een dissolved in the polishing slurry by the arc 
of t he oxidized-.etal drssolving agent. Xf, however, 
th e oxide Xayer at valleys of the m etal m- surface 
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a hv the oxidizing agent, 
is further oxidized by the 

. ». ..... — ..■■»'« - ■ ; n ; „ „„., 

^rtive-film forming agent, and it 
10 protective much 

etchea, u polishing 
aled iss 0l vea in a g ooo efficiency and that the P 

Vw CMP is at a high rate ' 

» «... — - d ^ :::: 

8fehllle . l ,.. rt -7; , id 

te ,i a , polishing rate attributable to 

::. ... - - — - - 

• ^ wirina is formed by our 
However, when the burred wrrrng 

i . . v- y \ j for metal f 

containing solid — 

3„ch that (!) a phenomenon may take P 
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. of the surface of buried metal wiring 
middle portion of the . . to , dish 

is isot ropically ceo- to become hollow IxK. - 

• h . a .n (2) polishing mars (scratches) 
(hereinafter "dishing >, <2> P 

, . i abraS ive grains may occur, (3) 
due to the solid abrasive y 

res s is required for removing 
complicated cleaning process 

• arains remaining on the substrate 
any solid abrasive grains 

uface after polishing and <«, - initial cost of 
l solid abrasi.e grains the.sel.es and the disposal 

of „aste li^ — — ' ^ hl9h C ° 3t - . andthe 
In ord er to ,ee P the dishing fro, occurring " 

er a lloy «.« corroded during polis-g and 

copper alloy ng u=e 

to for. highly reliable LSI ««, a 

of a polishing solution for metal which contains a 
oxidized _ metal dis3ol.n g a g ent comprised of ammo 

15 acid Ul.oine, or amidos ul f or i c acid and — » 
fter "BTA" ) is Prcpos-d. This technic rs 
r;rdl.e. g ., J apanes eP atent R pP,catron L ard-open 

No 8-83780. 

it is demanded to use m the p 

4- t-h.t does not cause any 

a protective-^ forming agent that 

decrease in CMP rate. 
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DISCLOSURE OF THE INVENTION 
The present invention provides a polishing solution 
fo r m etal, and a polishing method, -hie* can maKe the 
5 etching rate sufficiently low, and can form highly 

leli a bl e metal film buried pattern, while maintaining 

a high CMP rate. 

The polishing solution for metal of the present 
in vention comprises an oxidizing agent for oxidizing 
10 a metal, an oxidized-metal dissolving agent, a first 

4- = .pcond protective-film 
protective-film forming agent, a second p 

t different from the first p ro t ect i ve- f i lm 
forming agent different 

forming agent, and water. 

Theprotective-filmformingagentsareagentscapable 

15 of forming protective on the metal surface. 

Tne first P ro t ect i ve- f i lm forming agent may 
preferafcly fe at ieast one selected from nitrogen 
staining compounds sue, as ammonia, examines, ammo 
a =,u<! thereof, mercaptans, 
acids, iminesandazoles, and salts the 

, , These protective-film forming 

20 giucose, and cellulose. These p 

ag ents are compounds capable of forming protective rims 
by forming physical adsorption and/or chemical linage 
on the metal film surface. 
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The second protective-fil™ for^ina * g e„t -»V 
pre fera b l y >e at least one ..Lot.- fro. a — Is 
expounds -in, an a^Uo hy -.«»X , — = 

5 etners, pol y s accna r ides , a.ino acid ..It,. 

po l y car b o Xy lic acids ana salts -o, vin.l poX»-.». 
su lfonic acid and salts tnerec,, aro.atrc ..ines , a m rdes 
azo compounds, — -ese second 

10 th e first protective-fil* t .»i- - 

^ protective film. 

' The oxidi.ino a 9 ent ,a S prefera.l. - « 

I selected ^ooen peroxide, nitric aoid. potassiu, 

° periodate. Hypocnlorous acid and ozone water. 

7 1S Th e oxidized-.etal dissolvin, a 9 ent ,a Y prefer^ 

£ beatl east one seated £r c oxacids and a mm0 n 1Um 

A salts thereof, and sulfuric aoid. 

S In the present invention, a P olishin g solutron 

m etal is Provided in which, — »» > » ^ 

ls n ecessar y for e^Ui, the effect of — 
the etchin, rate to 10 n m „inute or lower wrthont 
in corporatin g the second p r o t ec t i.e- f r 1, — 
ano n g the protective-fil. for.in. a.ents, the second 
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pIot e Ct ,e-«, f o™ing a S e, ,3 added in a " 
lou er than the concentration A so that the effect of 
concilia, the etching rate to ,0 »/.«e or lower 
canb e edited. More specify, in this case, the 
second prot.ctiv.-fii- * g ent - * -pound which 

enables the first prot e ct ive- f il* for m in g agent, 
MM5MIJ for controlling the etching rate to iO „/-i..t. 
or lower, to be added in a seller q uantity. 

The polishing method of the present invention rs 
. polishing method of polishing a „.t.l f iin. forced on 

+■ -in the polishing 
th . surface of a polishing object, rn 

a- nr. tn the present invention 
solution for metal according to P 

f ilm as the metal film to be removed, 
to remove the metal film. 

suite dare copper, copper alioys, copper oxides, copper 
alloy oxides and so forth. Accordingly, the present 
mention provrdes a polishing method comprising the 
step of polishing a .etal f il^ ^prised of a .ulti-layer 
film containrng at least one layer of a ™etal selected 

0 a lloy oxide, to repeat least part of thecal fil,. 

The present invention provides a polishing solutron 
in which the first and second p ro t ec t ive- f i 1™ *o»i.. 

Afferent from each other are 
agents having properties different 

i-o make the etching rate 
used in combination so as to make 
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5u££ iciently low w hil e ma intaining the CMP rate, and 

As the £ irst P^-t.e-n, .or.ing agent, »» 
those capa.le of readily Pacing a -late c«pl« 
. a ethylenediaminetetraacetic acid, 
5 with copper, e.g. , etnyx 

„ in the polishing solution 
example, its incorporation rn P 

L0 no CMP ta*e pUce, to say nothing o £ etching. 

0„ the other hand, the present inventors have 
dis covered that the use o £ the £ irst P r ot ec t i ve- t r 1, 
f or.ing agent in cognation with a second protective-. rl„ 
foIm ing .gent distent - - — ^ 
15 etching rate to b e su f£ iciently low even when the f rrst 
protective-.il* forcing agent is added in a low 
concentration. Moreover, it has feen £ ound that the 
use o£ such a polishing solution can provrde pre.era.le 
properties that the CM, rate does not so - -crease 
20 even „hen the etching rate decreases. m addition, they 
rediscovered that the nseo £ the tirstprotectrve-trl, 

£ or m ing agent in domination with the second 

+- m^kPS it possible to carry 
pr otective-filxn forming agent makes P 

■ , a practical CMP rate even without adding 

out polishing at a practica 
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any solid a.rasive grains i. the .US,,, solutron 

to the friction bY the polishing P a d . effected rn P 

„ ff attributable to the 
o£ the effect of the -rape-off attr 

5 miction b y solid abrasrve - — 

Asa valueatwhicht h eetchingrateistobe controlled, 

,„ f „ sb le smoothing effect 
it has been found that a preferable 

is obtainabie as .on, as it is controlled to iO — - 
orlo „ er . As long as the decrease in CMP rate is within 
L0 . tolerable range, it i. Parable for the etching rat 
tobemuchlower. Where the etching rate can be controlled 

Hishinq can be kept at a 
to 5 nm/minute or lower, the dishing 

v, r, thp CMP is carried out 
ievel not problematic, even when the 

filrabyCM ,>. W here the etching rate can further >e 

cont rolled to 1 nm/minute « - - 

no t come into guestion even when the CMP is carrred 

in excess by 100% or more. 

.ncidentally. in the present specification, the 
etching rate refers to a rate at which a metal film .copper 
film formed by sputterrng, on the surface of a polrshrn 
obj ect is etched when the polishing o b] ect is immersed 
ln the polishing solution and the polling solutron 
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f ?S°C and at a stirring 
is stirred at a liquid temperature of 25 C a 

difference in thickness of 
speed of 100 rpm, »-e a drffere calculated 
the metal fil m before and after i^ersron 
^.t^alueofeleotrrcalres.tanoeandt.edifferen 

te (i e . chemical mechanical polisnmg 
The CMP rate ( i • e . , 
rate) also refers to a rate coined .hen a metal f, 
copper film formed by sputterih. on the surface o 
. polishin, object is polished under conditrons 
f 9in a/cm 2 , a polishing 
10 polishinc pressure of 210 ,/ 36m/minute 

1 ooject/polishino platen relative speed 

A and a liquid temperature of 2S°C, where a difference 

t ic Jess of the metaifrlm before and af t er Pol i shr n 9 
s calculated from the value of electrical resistance 
l the difference found is divided b Y treatment trme 

to determine the rate. 

A ccordin 9 to the present invention, as bernq 
i£fere „t from a polishin, solution ma.rn, use of on V 

. first protective-film fcrmin, a.ent, and — 
relvin, on anv strono mechanical friction b y sol.d 

th e actron of frictron with a polishin, pad, whrch 
mu ch softer than the solid abrasive grains. 
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The present invention further provides a poli-nin, 

^.POUS,,— £thePOUShi ° 9 
so lution for metal according to the present invention, 
the substrate having ,.11.,. at it. — , and a metal 
fllm comprised of copper, a copper alloy (such as 

the grooves with the f il- «-» »° h * " b ' t "" " 

subj ected to CMP by the use .« the 

of the present invention, tne metal film at Mils or 
th . substrate is selectively removed by CMP and t h e metal 
film renins in valleys, thus toe desired conductor 
pattern is obtained. Tne polish solution of the 
present invention substantially need not contain any 
solid abrasive .rains, and hence poU. scratches can 
d ramatically be lessened because the CMP proceeds by 
the friction with a polishing pad, which is mechanically 
m uch softer than the solid abrasive grains. 

Th e polishing solution for metal according to the 
present invention has as essential components the 
0 prizing agent, the ok idized -me ta 1 dissolving agent, 
the first protective-film forming agent, the second 
protective-film forming agent, and water. 

The solid abrasive grains substantially need not 
be contained, but may also be used. 
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Th e respective components contained in the polisnin. 
sol ution »«1 accordin, to tne present invention 

are specifically described below. 
Av. . Th V m etal-o X idizin g a.ent ,ay include nydro.en 

?^o.l-\ «-«"'• — aC "' POt3SSiUm P " i0date 

hyp ocHloV= ^ " 

c ase wnen \ne substrate is a silicon substrate h avin g 
de vices for\inte g rated circuits, any contamination due 
t o al.ali J\al S . airline eart h petals or glides is 
10 not desirablA and nence oxrdizin, a.ents contain^ 
no nonvolatile\co m ponent are preferred. Ozone water 
m ay g reatly cl a ^positional «e with ti m e. 
Acc ordin g ly, -L tne o.idrzin, a.ents Irsted above, 
hY dro g enper OX ide\is m ostpre f erred. However, o,i-l»», 
15 a.ents containing nonvolatile component „ay be used 

\- substrate having no 

when the substrateUs a glass 

semiconductor devices. 

Th e oxidized-.etal dissolvin. aoent may preferably 
be water-soluble one. sucn a water-soluble 
20 o*idized- m etal dissolvin. a 9 ent may include: 

propionic acid, butyric acid, valeric acid. 
2 - m ethylbutyric acid, n-hexanoic acid, 
3,3-di.nethylbutyric acid, 2-ethylbutyric acrd, 
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■r- acid 4-methylpentanoic acid, 
4 _ me thylheKanoic acid, ^ r acid 

^ arid n-octanoic acia, 
■a n-methylhexanoic acia, 
n .heptanoicacid, n methy 

■r acid benzoic acid, glycorxc acid, 
n-ethylhexanoic acid, d 

. id oxalic acid, malonic acid, 
salicylic acid, glyceric acid, oxal 

inicacid , g lutaric acid, adipic acid, pi.elicacxd, 
5 succinic acxu, y ;j 
mal eic ac«, P^aiic acia. 

and citric acid; orga „ic 

• wat-p and ammonium 
^«nl fate, ammonium nitrate ana 
acids, ammoniumpersulfate, 

acid; a^i.™ «* ° f 

0£ these , £ o„c acid, Picnic acid, „X« ac.d 

^referred with respect 

advantage that they . . 7(a . £ilm 

r;::;;r,i. - — - - 
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etchih, rate «n e.tecti.eiy ^ M »U. -.a^, 

a practical CMP rate. 

, .tive-film forming agent may include. 
The first protective nxm 

ammonia; 

trlmethylam ,ne, - — e ; edl :; D ;;:, ) 

ethyl enedia m inetetraacetic acid -hereinatter 

sodium ^t^^-io^a.a, and — 

„1 veins, L-alanine, p-alanrne, 
amino acids such as glycine, 

10 L - 2 -aminobutyrica=id, L-norval.ne, L-v.lxn.. 

T-aUoisoleucine, 
r-i snleucine, L-aiioJ- au 
L-norleucine, L-isoieuc 

L - Ph .» y i.i.»i... — • — lne ' L -°" ithine ' 

L _ ly sine, taurine, ferine, L-threonine. 
L _ al Xothreonine, L-nomo se r ine , L-t y rosine, 
15 3,5-diiodo-L-tyrosine, 

.. (3 ... (1 ihydro,»ph.nyl»-L-.l»i-». L- thyroxine, 

T-rvstine, L-methionme, 
4-hydroxy-L-proUne, L cystin 

• ■ . T-cvstathionine, L-cysteic, 
L-ethionine, L ianini 

acid, L-glutamic acid, 
■ a Hd L-aspartic aciu, ^ 

L-cystmic acia, t- 

, > -r cvst eine, 4-aminobuty r ic acid, 
20 S -(carboxymethyl)-L-cystei 

a7aser ine f L-arginine, 
L -asparagine, L-glutamxne, azaseri 

■ ne L-citruline, 5-hydroxy-L-lys ine , creatine, 
L-canavanine, L ciuu 

, lyM r.,e, ,-histidine, 

3 . meth y 1 - L -histidine, er.oth.cneine, .-tryptophan, 
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. cl apamine, angiotensin I, angiotensin II 
actinomycxn Cl, apamn 

and antipain; 

iraines such as dithizone, 

cuproine(2,2'-biquinoline) , 

♦-wi-i 10-phenanthroline) , 
5 ne 0 cu P roine( 2/ 9-d im ethyl 1,10 P 

■ (2 9 - d irnethyl-4,7-diphenyl-l,10-phenanthr 
vasocuproine (2, 9 dime t ay 

olin e, and cuperazone <bicyc 1 ohexanone 
oxalylhydrozone) ; 

azoles such as be „ z i»id.*ol.- 2 - th io 1 , 
10 2 . [2 - (b enzothi.zolyl)l thipropionic acid, 
2 -l2-(benzothia 2 olyl>] thicbutyric acid, 

-i -l 9 3-tr iazole , 
2-mercaptobenzothxazole, 1,2,3 

1|2( 4-tri«ole, 3-a m ino-lH-l,2,4-t r iazole, 

b enzotriazole, 1-hy dr oxyben zo t r ia zo 1 e , 

15 l-dihydroxypropylbenzotriazole, 

2 3-dicarboxypropylbenzotriazole, 

, ri azole, 4-carboxyl-lH-benzotriazole, 
4-hydoxybenzotriazoxe, 

4-xnethoxycarbonyl-lH-benzotriazole, 

4- butoxycarbonyl-lH-benzotriazole, 
20 4-octyloxycarbonyl-lH-benzotrxazole, 

5- hexylbenzotriazole, 

, n\ m- n 2 , 4-triazolyi 
v. ,.tri azolvl-l-methyl) -N U » ^ » 4 
N- (1, 2, 3-benzotriazoxyx 

B .thyl>2-.thylh.«yl.»ine- tciyitriazole, 
naphthotriazole and 
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bi5lll - b .„ I otri.»lyl)m.thyllPho.phonic .cxd; 

Mr c.p l .n..uc h ..ncn y l M r = .pt. n .c l od.cyl»«c.P-n. 

tria z in ethiol, triaz.nedithiol and « — '"^ 



and 



SSK „ WeS .» = » as ,U«o» and ceU^ose. *»y = * 
combination. 

of these , chitc.n, ethylenedia.inetetraaceticacd, 
L -tryptophan, cuperazone, 
10 bonzotriazole, 4-hydro X ybonzot r ia zole , 

4 . 0 « b .. y l-»-b.n.ot.l..ol. butyl ..««. tolylfci-.o!. 

and naphthotrlazole are Purred In order to achre. 

ben zotriazole and — are P-^e 

15 Benzotriazole derlvatr.es -y — - «— ^ 

above . . 

dorotective-filmformingagentmay include, 
The second prorec ux 

al cohols such as 1-propanol, 2-propanol, 

• , ol allyl alcohol, ethylene oyanohydrin, 
2-propm-l-ol , axxy-L 

i i c ^ - ( +) -2-butanol , 
20 l-butanol, 2-butanol, (S) (+) 

n„l t-butyl alcohol, perfluoro-t-butyl 
2-methyl-l-propanol, t buty 

.icohol. crotyl alcohol, 1-pentanol, 
2,2-dl.ethyl-l-propanol. 2- m eth y l-2-bu t anol, 
3- m et hy l-l-»nol, S-a my l alcohol, 1-hexanol, 
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d-methvl-2-pentanol, 

i nL-3-hexyl alcohol, 1-heptanol, 
cyclohexanol, DL 3 nexy 

, h , (S) _ (+ )-2-octanol, 1-octanol, 
2-ethylhexyl alcohol, (S) I 

DL -3-octyl alcohol, 2 -hyd r oxybenzyl alcohol, 
5 2 _ nitr obenzyl alcohol, 3 , S-^V-xy^ alcohol , 
n uol 3-fluorobenzyl alcohol, 
3 5-dinitrobenzyl alcohol, 

3- hyd.oxybenzyl alcohol, — alcohol, 

4 - h yd r oxybenzyl alcohol, benzyl alcohol, 

1-hvl) benzyl alcohol, m-aminobenzy 1 
m -(trifluoromethyl)benzy 

i alcohol, o-aminobenzyl alcohol, 
10 alcohol, m-nitrobenzyl alcohol, 

i alcohol, p-hydroxybenzyl alcohol, 
o-hydroxybenzyl alcohol, P 

n hol 2 _ (p -fluorophenyl) ethanol, 
p -nitrobenzyl alcohol, 2 (P 

2 - arain0ph ene thyl alcohol, ^o.^ ^ 

,„ et M-3- — — - KthjlbeK?1 
15 2 - nitr o P heneth y l .icohd, 2-ph.nyl — ' 

3 4 - dimethylb en Zyl -ohol, 3- m e thyl - 2 -n — - 
; icoho ,3- m e thyl -,-n i ^o b e nZylal =o h o 1 ,3- methy - n , yl 

alcohol, 4-£luoro P henet hy l alcohol, 

4 _ hydr o Xy -3-,e t ho Xybe n 2y l alcohol, 

20 alcohol, 4- m eth y l-3-nit r o b eh Zy l alcohol, 

5- m eth y l-2-nitrobe ni!y l alcohol, 

o-Itrifluorometh Y l)benz y l 

alcohol, p . ( tri f luoro-thy 1 , D .n.yX.lco h o 1 . 
....^.-.^X alcohol, P-M» W -, e.hahol. 
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10 



p_t h yl b en 2 yl alcohol - — ^ ^7 ^ 
phenols such as 4 - m et h ylpnenol. .-.^y^ 

4-propylphenol; ' 

i 0 ,ter, sorbitan ester, 
esters such as glycerol ester, 

ceti cacid, e thoxyacetic acid , 3-ethoxypropionrc 
methoxyacetic aciu, 

acid and alanine ethyl ester; 

eth ers such as polyethylene 

alkyl e thers, ^ethylene glycol alkenyl ^ 

, alkyl polyethylene glycol alkyl 

polyethylene glycols, 

ethers, alkyl polyethylene glycol alken Y 

polyethylene glycols, alkenyl polyethylene glycol alky 
ether s, alkenyl polyethylene glycol alkenyl ethers, 

^yiene glycol - 

- a lkenyl ethers, alkyl polypropylene glycols, alky 

, ol alkyl ethers, alkyl polypropylene 
polypropylene glycol alkyl 

lycol alkenyl ethers, alkenyl polypropylene glycols 
likenyl polypropylene glycol alkyl ethers, an d alkenyl 
polypropylene glycol alkenyl ethers; 

polysaccharides such as alginrc acrd, pec 
carboX y.ethyl cellules., curdlan and P .U.U., 

ami no acid salts such as glycine a.o»- 
glycine sodium salt; 
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po lycar b o*ylic acid and salts thereof, such as 
.clyaspartic acid, 

pol ymalic acid, .oly.ethacryHc acid, a-i™ 
po lymethacrylate, polyamic acrd. 

5 p o ly .aieic acid, polyitaconic acid, polyfumaric add, 
pol y ( p-styrenecar b o X ylic acid,, polyacrylic acrd, 
po lyacryla m ide, ami noooly acr y lami de , 
poly ac iyl ate, sodium polyacrylate, p^ic^d, 
ionium polyamide, sodium polyamide and poly^y- 

'""''.in.i type polymers -h as polyvinyl alcohol, 
polyvinyl pyrrolidone and polyacrolein; 

sulf onic acrds and salt, thereof, such as ammonium 

^ i 4-anrate, sodium methyl 
me thyl taurate, sodium methyl taurate, 

, hv1 su ifate, ammonium butyl sulfate, 
15 sulfate, ammonium ethyl sultate, 

i a i 1 vl sulfonate, sodium 
sodium vinyl sulfonate, sodrum 1-allyl 
2 - al lyl sulfonate, sodium met noxymethyl sulfonate, 
a mmonium etho X y m ethyl sulfonate, sodium 
su l fo nate, s^^th^h^^^ 
an dso d iu m sulfosuccinate,.a I o m atica m inessuchasan 1 l 1 ne, 

N , N - di me t nylaniline and b en famine ; amides such as 

■H acrvlamide, methyurea, nicon t inamide , 
propionamide, acryiamiu 

t n o-4 -ca rboxamide , 
succinamide, pheny lace t amide , pyrrdrne 
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, L tartaric acid amide and sulfanilamide; 

azo compounds such as 
1 1 .. aI obi.(oycloh.»n.-l-c.rbonitxil-). 

^.-azobisU-acetoKV-l-pnenylethane). 

5 2 2 .-a Z obis<2,4-dimethylvaleronit r ile), 

2 ; 2 ,. azobisl4 -^y- 2 ,«— V-a — itrue,, 

dimethyl 2 , 2 • -a zobi s ( i sobu t yr a t e , , 
2 2 .-azobis(isobutylonitrile), 

2 '_ [2 - ( 3, 5 -dib r omopy I i d y 1 »azo 1 - 5 - d i- t hylam 1 noben Z o 1 c 

10 acid, 4 f 4-»obi.<4-cy.nov.l.ri= acid,, 

„isole azoxymethane, azobenzene, 
4 4 ' -azoxyanrsoie, a*. i 

azoxybenzene, a zodica rbonamide , diisopropyl 
azodicarboxylate, ..t-^ a zodica .boxy 1 a t e 
phenazine, Marachite Green, Hethyl Orange, Congo 
-i c an d Crystal Violet; and 

15 h as disodium molybdenum 

molyb denum compounds such as dxsod 

(VI) dihydrate and ne.aammonlum heptamolybdenum (VI, 

, of these may be used alone or may 
tetrahydrate. Any of these 

be us ed in appropriate combination. 

h<„ e a , a silicon substrate 
20 wherethesubstrateusedrs, e.g., 

..sem.conduct^nte^ated^cu.ts.it.notdes.able 

or it to be contaminated »ith al.al, metals, alfcal.ne 

r- a This, however, 

, tg thereof are preferred. This, 
ammonium salts tnere 
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u v Q t-he substrate is a glass 

does not necessarily 
substrate or the like. 

5 p olyacrylic aci d . po^ t ha or ylic aci d , — 

nolvacrylamide, methyl taurate, 
ammonium polyamxde, polyacry 

, - ne nicontxnamide, sulfanilamide, Congo Red, 
benzylamme, nicoiu 

h „ni, m hepta.olyb.enu, <V1, 
l0 preferre. in order to achieve both a hi g h C MP rate and 

l la . etchin, »f. X- — — 
p oly m ethacrylic aci d , poXy»i = aciC, .-oni.- 
po lyacrylate, .-oni» poly— — — 
po lya m ide and polyacrylate are oreferreo, 
15 A s the ,etal tr lm to „hrch the present invents 

isapp lied, it is a mU lti-layer £ il, contains at least 

ne elected,^ copper, a copper alloy, a coppers 
and a copper alloy o X i d e ( hereina £ ter g enerically "copper 

v") • 

The present invention also provides a polishrn, 

v K has a CMP rate of 100 nm/minute 
solution for metal whrch has a 

or hi.her an d an etohin, rate of 10 n^mute or , 

Th e polishin, solution havin, such properties has been 
ma teriali. d for the frrstti. by the present invents, 



alloy") 

20 
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andcanb e aChl e V e dby ^ — - dUing ^ 
the o^idized-metal dxssolvxng agent a. th. -e, and 

age nt in conation with the second protective-, xl. 

, different from the first protect ive-fxlm 
5 forming agent different 

forming agent . 

f ^ho first protective-film 
Usable combinations of the first p 

£orming a g ent with P-o.cU.-m- *o»i-, 

ititt|[lrtw , bll ,. 1 . rt . f «..«^ — 1 - tl1 " 

10 - f o»i. a.ent/secono P-ect.e-f- ^in, -nt 

Th ese cognations ate -ei, shown as espies, ano 
ths resent invention is by no .eans Xi.it- to these. 
other conizations »a, aiso apP t op t i a t ei y be used. 

Combinations that can achieve the CMP rate oi 100 

*. v,-«« rate of 10 nm/minute 
15 nm/minute or higher and the etchxng rate o 

■nrlude e g., cup er a z one /po lyma 1 i c acxd, 
or lower may include, e.g., 

cuperazone/polyaspartic acid, 

cuperazone/polyacrylamide, 

■ a* t -trvptophan/ammonium 
L-tryptophan/polyacrylamxde, L tryp 

natP L -tryptophan/polymalic acid, 
20 polyacrylate, h «YF r 

L.ot^a.oie/poivact^i.e, 

poayCLt.- naphthottia.ole/poly.aiic ado, 
na phtnottia,oW 2 - m ethvl-3-nittoben Z vl alcohoi, 
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triazinedithiol/polyaspartio acid, and 
tria ;inedithiol/polyacryla m ide. 

TQ i-h^ CMP rate of 1UU 
combinations that can achieve the 

^ u-„„ T-^i-e of 1 nm/mmute 
nWminute or higher and the etching rate o 

. t lrip e q , cuperazone/polyacrylamide, 
5 or lower may include, e.g., c p 

,-^ptophan/polyactyiamide, .-tryptophan/ammonium 
polyacryiate, oenzotriazole/polyacryla.ide, 
benzotriazole/ammonium po lyac r y la te , 
naphthotriazole/polyn-alic acid, 
10 triazinedithiol/polyaspartic acid, and 
! triazinedithiol/polyacrylamide. 

> Conation, that can achieve a CMP »t. of 2S0 

- u- ^ ra t- P of 10 nm/minute 

S nm/minute or higher and the etchxng rate 

3 -nrlude e g., cuperazone/polymalic acid. 

1 or lower may include, e.g , 

l 15 The amount in which each component is mixed ,s 

fcf described below. 

I Th e oxidizino a.ent component may ptet e.ably - m.xed 

fro m 0.03 mol to 0.5 mol, and patticnla.ly P^etably 
fI „0.2-.X to..3»l. based on i00 g o f the total 

ag ent, «i»t ptotective-tilm t .-in- a.ent, second 
pr otecti.e- f ilm £ otmin g a g ent and water. « it i. 
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insuffici entlybeo X idi.ed, resulting rn a low 

If it i3 in an amount more than 0., mol. th. — 

polished tends to Have a roughness. 

The 0,^,-eta, dissolving agent component 

m olto 0. 00 25 mol,and P articularlypreferabl y from0.000 
mol to 0.00. mol, — . X00 , of the total amount 

, .Kve-fil" forming agent, second 
10 first protectee 

e than 0 005 »ol. the etching tends to 
in an amount more than 

be controllable with difficulty. 

The first protective-film forming agent may 

. 09 .1, more preferably from 0.0003 mol to 0.00 m 
an d particularly preferably from 0.000, mol to 0.003S 
I, based on 100 g Of the total amount of the o^rng 

— 1 di5so :riei:r;rrtrve-fiim 

20 protective-film forming agent. 

forming agent and water. ""ism .edinana^ 
less than 0.0001 mol, fetching tends t o be con t r o i 1 b 
„ ith difficulty. If ,t,s man amount more than 0.0, 
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The se co,a protective-film f o»i» 9 * g ent "V 

4- ~f from 0.001% by weight 
preferably be mixed in an amount of 

to 0.3% by weight, more p 

• ht and particularly preferably fromO.Olc 
to 0.1% by weight, and par 

ag ent, «l»t P rotective-rilm .ormin. a 9 ent, second 

in .„ amount i... ■ the e£fec , 

CMP rate tends to result. 

1B in th . polishin, soXutron and poli-Hin. method o £ the 
15 , It is presumed that the 

present invention is unclear. It 

use o* «»t »- - P»t.ctlv.-»1- .-.»» 

the CM, Proceed without .U, their £ ilms — » 

20 met al — fEiCtl ° n " 

the polishing pad. 

Inge ner a l, the de.reeo.poiish scratches occurs 

ln CHP depends on the particle diameter, particle .... 
dis tri b ution and shape o £ soiid a b rasive g rams. 
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ln layer thickness (hereinafter called 
any decrease in layer 

.....U., =3 a res.lt of t„. — * of in..— — 

and any deterioration o f t he s.oo thi n 9 e f f ect a 1 so depen 
on the particle diameter of solid a.rasr.e 9 rarns and 
5 the Physical Properties o £P olishin 9 Pads. -en- 

surface of „t.l MX., i. — °°>~* ^ " 

treated with B T ,, the dishin g of the m etal m. x. 
considered to depend on the hardness .« ^»« 

ortips of polishing solutions, 
and the chemical properties P 

pcifically, hard solid abrasive grains are 
10 More specifically- 

„ f rMP but are not desirable 
necessary for the progress of CMP, 

for proving the smoothing effect in CMP and the 
perf ectness (freeness from damages such as polish 
cratches or the of the surface polished by CMP^ 

effect is understood to actually depend 
15 The smoothing effect 

eristics of polishing pads than on 
mo re on the characteristics 

solid abrasive grains. 

20 the nation of furled patterns *y usin 9 the ..... 
Inc identally, the first P ro t ec t ive- f i 1, 
age nt has the action of for.in, * — 

on the ^etal surface. - example, where the copper 
al l OY fil. surface is exposed to a solution contain, 
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ETA it is considered that a film of poiymeric comple* 
co>poMdbiin!asthe „ 1 „ sW e,o,a S u,t M o £ C 0 U, 

BTA or Cum, BTA is f — ' °< " 3Ctl0n 
of coppe, <Cu, or an o*ide thereof with BTA. The film 

solution formal is used which contains 0 . *y wei g ht 

nw little polished even where 
of BTA, the film is usually little p 

• orains are contained in the polishing 
solid abrasive grams are 

solution. 

on .eot-^— poH 5M , solution f« 
m etal is prepared not usin, the «i..t P~t.cti--.il- 
formin, a 9 e„t and usin, oni Y the sec- protective- M,- 

the etchin. rate, ensnrin, no sufficient protective 

'"'thu., the first protective-film ferine a.ent and 
th e second protective-film £ o„n 5 a 9 ent have their action 
dlf£ erent fro™ each other, an. different type of 
protective films are for.ee in accordance with the type 
20 ofpE0 tective-filmformin g a g ents. T he present invention 
is ba sed on a new discovery that the use of the first 
and second protective-film -i, a.ents in cognation 
enabl es achievement of b oth the controllin. of etchm, 
ra te and the maintain^ of CMP rate, and moreover even 
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, arv to re ly on the strong friction by 
makes it unnecessary to rexy 

solid abrasive grains. 

BEST MODES FOR PRACTICING THE INVENTION 
T he present invention will be described below by 
gl ving Espies. The present invention is by no means 
limited by these Examples. 

samples 1 to 12, Comparative Examples 1 to 5 
- Preparation of Polishing Solutions - 
To 0 15 part by weight of DL-malic acid (a guaranteed 
reagent,, ™ parts by weight of water was added to ma.e 
.solution. To the solution formed, a solution prepared 
b y adding 0.2 part by we.ght of the first 

forming agent in 0.8 part by weight of methanol was added, 
a nd thereafter 0.05 part by weight of the second 
protective-f il, forming agent was further added, finally 
flowed by addition of 33.2 parts by weight of hydrogen 

peroxide water guaranteed reagent, an agueous 30* 

solu tion, to obtain a polishing solution for metal. 
Herein, pr o t e c t ive- f i lm forming agents used in each 
Example and Comparative Example are shown in Table 1. 
N ext, using the polishrng solution thus obtained, 
-, ■ u a pnl ishinq conditions 
polishing objects were polished. Polish 

were as follows: 
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- Polishing Conditions - 

Pol is„ing c bJ ect 3^,- X silicon substrate with 
a copper film forced in a thickness of 1 M» • 

Poiishing pad: -.000 (available fro™ Rodel Co.,. 

5 Polishing pressure: 210 g / cm 2 . 

i,Hvp <?Deed: 3 6 m/ mm . 
Substrate/polishingplatenrelatxve spee 

_ Polished Article Evaluation Items - 

• lavpr thickness of the 
CMP rate: A difference in layer 

a a fter CMP was determined by 
copper film before and after CM 

10 Elation £t - the value of electrical resistance and 
the aifference found was divided by treat.ent to 
det er ra ined the rate. Treat.ent ti». was set to be 1 
minute . 

etching rate: The sa.e substrate as the above 

was versed in the polishing solution with storing 

j . 100 rpm) at room temperature (25 C), 
(stirring speed: 100 rpm, 

in laver thickness of the copper film 
where a difference m layer tn 

•nn was calculated from the value 
before and after immersxng was calcu 

of electrical resistance and the deference found was 
divi ded by treatment ti»e to determined the rate. 
Tre atment time was set to be 10 minute. 

In order to evaluate actual CMP performance, groove, 
of o,, deep were formed in an insulate layer anc 
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. copper «!- was f or™e d >V sputtering f ollowe d 

by k nown he.t tre a t m ent to o bt a in a film - b u ri e d .iXioo. 
sub strate, which was also use d as . .. b .«.t. to c.»» 

outcMP . W hether or not an y erosion W polish scotches 

s had oc=urre d w a s ex„ine, by vi-, o b ..r«tio». 

op tical- m icroscopico b ser.ation a n d electron,„icroscoprc 

Nervation o £ the substrate having been polishin, .V 
1, neither erosion nor polish scratch 
CMP. AS the result, nertner 

„ a s seen to occurre, ^sults oi ev.lu.tion 

10 on the CMP r.te an d etching rate in Espies ! to 

and ccpar.trve Espies 1 to 5 are shown in n W e . 



Example 13 

To 0.15 P artb y wei g htorO L - m alicaci d guarantee. 

asolut ion. 

byadd in g 0. 1 p a rt by wei g hto £BTA in0. 8 p a rt by «er g 
of Chanel w a sa dd e d ,an d therea £ ter0.0 2 S P artb y we ig ht 

of amm on iUm pol.ecr.late was -ther ^ " 
20 o£ „^,— n.n,,!^, Citron 
Qf 33 . 2part3 by werght oi h Yd ro g en P ero X r d e water <a 

f an aqueous 30% solution) to obtain 
guaranteed reagent, an aqueo 

a polishing solution .or .etal. In the present Example, 
theDL - ma lic a c ld .anor ga nrcaci d havin g a hig hsolub 1 Ht y 
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ln „t«.......-.-'-«" i "--" idi " ol ' i,,s '" ,,t ; 

and th . ..e.so^e, a mm oniu m poiyacryiate was 
a3 the second protective-^ for»ln, 
Using tWS poU — 
5 th e sa.e condition, as in B „» P le !. - t h . resuit, 
the CMP rate was 2 »7 n^inute and the etching rate -as 
3,»Mn.e, both showing good resuits. However, as 

, 7Dn; , ner n formed therexn, 
to the substrate having the groove pattern 

D olished by CMP in excess by 50% beyond the 
when it was polisnea ^ 

stated thinness, the eiectron .icrcscopic observation 
reV eaied that the dishing occurred in a depth of about 

s of 10 /xm wide (the part serving as 
200 nm at grooves of 1U /xm 

. • a) In order to control the dishing to a 
buried wxring) . In °ra 

or less it was necessary to keep the 
15 depth of 100 nm or less, 

■thin 20% Erosion and polish scratch 
excess CMP time wxthm 20o. 

we re seen not to have occurred. 
Example 14 

To0 . 15 Part by weight o.O^aiic acid ,a guaranteed 

. soiution. T o the soiution for m ed. a solution prepar 

• >,«■ „f RTA in 0.8 part by weight 
by adding 0.2 part by weight of BTA in 

ofm ethanoi-asadded,andthereafter0. 12 S P artb y weig 
of a^oniu, poiyacryiate was further added in the for m 
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o£ 3 3. 2 parts b y weight or M.o.n pe-ide -ate, U 
r », aqueous 30% solution) to obtain 
guaranteed reagent, an aqueous 

a polishing solution tor metal. X n t he pr e sen t EX amp le , 

inwater.wasusedastheoxidr.ed-metaldrssolvingagent 

f *r soluble, ammonium polyacrylate was used 
and the water-soJ-UDxe , 

«- rHvP-film forming agent, 
as the second protective tu 

Us ing thi. P-ll.«-« - — • ™ P teStSd Und " 

10 th e same conditions as in sample 1- ^-result 

s high as 185 nm/minute and the etching 
the CMP rate was as high as 

, • k, Also, as to the substrate 
ra tewasaslowas0.2nm/mrnute. 

having the groove pattern f ormed therein, too, it was 
pol ished bv CMP under the same conditions as the above 
l9 CMP and the observation was made in the same manner as 

or le ss even when the CMP was carried out in excess for 

- ^n? and neither erosion nor 
the time corresponding to 50., and 

pol ish scratch was seen to have occurred. 

on Example 15 

A polishing solution ror metai was prepared „ the 

no 14 except that the DL-malic 
v,r, 0 -r as in Example 14 excepu 
same manner as in 

• ^ Thp CMP was 
acid was replaced with OL-tartarrc acid. 

t ested in the same manner asm sample 1. As the result. 
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hi„h as 194 nm/minute and the 
the polishing rate was as hrgh as 1 

etchingratewasO.enm/minute. « — " = 

13 „ as polished and thereafter the substrate — e 
, • • case when the 

5 U as observed, where the dishrng rn 

to 5 0* was in a depth of about ,0 nm, and neither erosron 
nor polish scratch was seen to have occurred. 
Example 16 

R polishing solution for metal was prepared in the 

lo 13 except that the DL-malic 
sam e manner as in Example 13 excep 

ThP CMP was tested 

acid was placed with cit^cacd. 

int he same manner asm Example 1. ,s the result th 

hiah as 2 13 nm/minute but the etching 
CMP rate was as hxgh as 

-i ^r^l of 4.6 nm/minute. 
= +■ * little inferior level or 
15 rate was at a H" ie 

Also , the same substrate having the groove pattern formed 
.herein as that of sample 13 was polrshed b y CP in 

ins- anri thereaiter 
excess for the time cor r espondrng to 30. 

= ohserved, where the dishrng 
the substrate surface was observed, 

• n a depth of about 150 » or less, and neither erosron 
20 was in a aeptn uj- 

n or polish scratch was seen to have occurred. 
Comparative Example 6 

ft polishing solution for metal was prepared in the 
i 13 except that the ammonium 
m.nn^r as in Example 13 except 
same manner do ->- 
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t added. The CMP was tested in the 

po i y acr y late .» "* result , the CMP 

r,n*r as in Example 1. As 

^tewasatonlyalxtt! nm/minu te . 

but the etching »te was as rnferror as 

therein as that of sample 13 was pel * V 
ss for the time corresponding to 30, and 

observed, where the dishing 

ii:r::i::::: — 

10 scratch were not observable. 

Comparative Example 7 

A polishing solution for metal was prepared m 

er a s in Example - except that the ammonrum 

same manner as in , added 

15 in an amount of 0.1 polls hing 

h-^h in the same manner 
, hp CMP was tested m tne 
solution, the onr 

EXample X * - was as good as 2.4 

As the result, the etching rate was g 

. nferio r as 93 nm/minute. 
v- 1 1- the CMP rate was as inferior a 
20 nm/minute, but the CMP f ormed 

—•-"""• h r';::.r:: 

. as tha t of Example 13 was P 
therein as the reafter 

for the time corresponding to 30. 
excess for the resU lt, the 

the substrate surface was observed. 
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satisfiable . — lth ; 5 

5 scrat cn were seen not to have occurred. 

As can b . seen fro™ these ana Co.paratr.e 

Exampl es, the e«ect o £ controlling the etching rate 

... or less by adding only the first 
to 10 nm/minute or less cy 

pMtMt ,e- £ a« ,,,, agent a state, concentra ,on 
10 can b e achieved „, — the second protective-^ 
M agent in conation, even when the trrst 
P „tec t ,e- £ U. ^ing agent is used inaiower 
concentration , a lso showing the e«ect o E .arntarn, 
a higher CMP rate. This ,a k es it possi.le to ,ee P * e 
„ dishing, erosion and polish scratches f ro, occnrrr , 
and al so to f o„ hi 9 h lY reiia.le .nried patterns 
high CMP rate. 

POSSIBILITY OF IN O0STRIAL APPLICATION 
20 A s descried afove, according to the present 

mention, the etching rate can b e ,ade — - 

mai ntaining a high CMP rate. 
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